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Statistical feature of injection-induced earthquakes
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Fig. 1 Geographical features of the Sichuan Basin and surrounding areas, including the distribution

of earthquakes. Gray dots indicate earthquake epicenters. Triangles indicate the locations of
seismic stations. The slip rates of the major faults are taken from Shen et al. [2005].

— 468 —



W104 30 105 - - 10530 - 106 106 30 Gi

Injection wells
1: Luo-4

2: Luo-2

3: Bao-11

4: Bao-24

Epicenter
o2
®3
o4
®5

| ilﬁjrlevation, m’I B
W104 30 105 105 30 106 106 30
42 KERIKT AHPKIEAFOAE, Wik, HESSS X CHEOSE 2T, EAHZ LI
120km PASIC 11 O MBS (ZA8) 2565, 2N ENoBHllEOBBIH L /RSN Tn b,
RCIIFETTOMEZ/RT.
Fig. 2 Map of the locations of injection wells and the distribution of faults and earthquakes throughout
the Rongchang gas field. Eleven seismic stations (triangles) located within 120 km of the main

injection well. The operation period of each station is also indicated. R.C. indicates the location of
the Rongchang city.
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Fig. 3 Temporal trends in the injection rate and the magnitude and major statistics of earthquakes within
the SEA (Sichuan Earthquake Administration) catalog. (a) Monthly volume of injected water. (b)
Magnitude of earthquakes. (c) Event rate (#) and cumulative event number (V). (d) The b value in
the frequency-magnitude distribution estimated using the least squares method and the maximum
likelithood method. (e) Spatial correlation length (SCL) derived from single-link cluster analysis
and the fractal dimension (D,) of the hypocenter distribution. Values in (c)-(e) were calculated
sequentially for consecutive groups of 200 events with a running step of 20 events.
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Fig. 4 (a) Monthly number of earthquakes and monthly injected volume at the Luo-4 well within the
Rongchang gas field. (b) Daily number of earthquakes and daily injected volume at the Luo-
4 well. (c) Monthly number of induced earthquakes plotted against monthly injected volume at
Luo-4 (only the months were evaluated when water was injected in Luo-4). A positive correlation
is identified between the activity rate and injection rate.
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Fig. 5 Summary of the results of epidemic-type aftershock sequence (ETAS) modeling. (a) Two major
change points in earthquake activity (TI C and TII C) and three major phases of activity defined
by the change points (I, II, and III) are identified. Two change subpoints are identified in phase III;
hence, phase III contains three subphases (III1, III2, and III3). (b-d) Estimated ETAS parameters
for each phase and subphase. The cumulative number of earthquakes as a function of time or
transformed time (events) is compared with that predicted by the ETAS model.
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Fig. 6 Fracture of a major unbroken asperity on the through-going fault plane in a granitic porphyry
sample. The AE activity reveals a typical fore-main-aftershock sequence similar that observed
with natural earthquakes. The b-values have been calculated sequentially for consecutive groups
of 200 events with an increment of 50 events. The fractal dimension D, and SCL of the AE
hypocenters have been calculated sequentially for consecutive groups of 50 hypocenters with an
increment of 13 hypocenters.
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